Energy Resources

The origin of oil and natural gas

Requirements for the formation and accumulation of oil and natural gas  

Oil and natural gas originate in sedimentary basins. The main requirements to form economic accumulations are:

· A source rock – an organic-rich mudstone or shale containing abundant plankton that formed in low energy, anoxic, marine conditions 
· Maturation – the maturation process is where plankton is converted into petroleum by the effects of temperature and pressure during burial. 
· Migration – migration describes the movement of petroleum from a source rock to a reservoir rock.
· A reservoir rock – a highly porous and permeable rock capable of storing and yielding significant amounts of petroleum. 
· A cap rock – the impermeable rock above the reservoir rock preventing further upwards migration of petroleum.
· A trap – a geological situation that concentrates petroleum in one place.

Environment of deposition of source rocks

Oil and natural gas are formed from the remains of microscopic marine organisms called plankton. These organisms float in the surface layers of the ocean and, after dying, sink down through the water column to accumulate on the seabed. 

The environment of deposition must be low energy so the tiny plankton can settle out of the water column. Conditions on the seabed need to be anoxic (lacking in oxygen) so the plankton will not decay or be scavenged and eaten by other organisms. Once on the seabed, anaerobic bacteria cause partial decay of the plankton to produce an organic mud called a sapropel.  

Burial in fine grained sediment results in the formation of an organic-rich sedimentary rock called a source rock. Source rocks are black oil shales and mudstones. Their dark colour reflects their high organic carbon content and their fine grain size reflects the low energy conditions of deposition.

Maturation of petroleum

As the source rock is buried, it is subjected to compaction and, due to the geothermal gradient, an increase in temperature. Over time, the organic matter breaks down to form a mixture of organic compounds of carbon, hydrogen, oxygen, nitrogen and sulfur called kerogen and then petroleum. This process is called maturation. Petroleum forms between temperatures of 50 to 200°C, known as the ‘oil window’. 



Migration from source rock to reservoir rock   

Once formed, the petroleum undergoes migration from the source rock to a reservoir rock. 

The main factors controlling migration are:

· Permeability of the rocks – there must be impermeable rocks between the source rock and the reservoir rock.
· Pressure – oil and natural gas will migrate down the pressure gradient from high pressure to low pressure. This is usually up but can be down.
· Density differences – because oil and natural gas are less dense than the water in the pore spaces of rocks, they will percolate upwards until they encounter an impermeable layer or reach the surface.
· Viscosity of the oil – the higher the temperature, the lower the viscosity of the oil. The lower the viscosity of the oil, the more easily it will flow.  

Reservoir rock

A reservoir rock must have a high porosity to be able to store significant amounts of oil and natural gas. It must also have a high permeability to allow oil and natural gas to migrate into it and then be extracted from it. So the properties of a reservoir rock for oil and natural gas are the same as the properties of an aquifer for water. 

Suitable reservoir rocks include poorly cemented sandstones, most limestones and fractured chalk.  

Cap rock

The reservoir must be overlain by an impermeable cap rock. The cap rock prevents further upwards migration of oil and natural gas. Without a cap rock, the oil and natural gas will continue to rise, eventually forming oil seeps and tar pits on the surface. 

Suitable cap rocks include fine grained sedimentary rocks such as clay, mudstone and shale, and crystalline sedimentary rocks such as evaporites.  

Trap

The final requirement for the accumulation of oil and natural gas is the presence of a trap.  



Traps 

Traps are where the geology allows oil and natural gas to be concentrated in one place, making them economic to extract. 

All traps require the presence of a porous and permeable reservoir rock overlain by an impermeable cap rock. Gas always forms a horizontal layer above the oil, which in turn forms a horizontal layer above the water in the pore space of the reservoir rock. 

Traps may be structural or stratigraphic in origin. Structural traps result from rock deformation and include anticlines, faults and salt domes. Stratigraphic traps result from the arrangement of the sedimentary rocks and include unconformities and those due to lithology (rock type). 

Types of traps

Anticline trapsAnticline traps form when rocks are folded into arch shapes. Oil and gas will be concentrated in the top of the reservoir rock at the crest of the anticline, provided it is overlain by a cap rock. 

The storage capacity of an anticline trap is determined by the size and shape of the fold. An open fold is likely to contain far more oil than a tight fold. The larger the fold, the more oil it may store. 

Once an anticline trap is filled to capacity, oil and natural gas leak out laterally, at spill points, and migrate into adjacent rocks.    


[image: http://www.priweb.org/ed/pgws/systems/traps/structural/anticlinetrap.gif]

Fault trapsFault traps form when movement along a fault plane results in a reservoir rock being moved adjacent to an impermeable rock. The impermeable rock on the opposite side of the fault prevents the oil and natural gas escaping laterally. The reservoir rock must also be overlain by a cap rock. 

Provided the strata are dipping, the oil and gas will migrate up dip and be trapped at the top of the reservoir rock adjacent to the fault. 

The fault itself must be sealed to prevent the oil and gas escaping up the fault. 



[image: http://www.priweb.org/ed/pgws/systems/traps/structural/faulttrap.gif]



Salt dome trapsSalt dome traps result from the presence of evaporites such as halite and gypsum. Evaporites have a lower density than the surrounding rocks and form diapirs that rise upwards towards the surface. These uplift and pierce the surrounding rocks to form salt domes. 

The overlying rocks are folded gently upwards into anticlines. 

Because evaporites are crystalline, they are impermeable and form cap rocks. Oil and natural gas may accumulate in dipping reservoir rocks adjacent to the salt dome or in anticline traps above the salt dome, if there is a suitable cap rock above. 


[image: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcTjnu4K1F7I8ffSoUxScRQV_w_DVfHYEa2SFmSzwG_qmrEw6wJI]


Unconformity traps

[image: http://www.tulane.edu/~sanelson/images/uncontrap.gif]Unconformity traps form if reservoir rocks below an angular unconformity are overlain by cap rocks above the unconformity. 

Oil and natural gas will migrate up dip and be trapped just beneath the unconformity. 

The reservoir rock below the unconformity must have impermeable rocks on either side to concentrate economic amounts of oil and gas in one place.


Lithological traps

Lithological traps result from variations in rock type. Fossilised limestone reefs make good lithological traps if they are surrounded by impermeable rocks. Limestone reefs make ideal reservoirs because they have very high porosities and form in areas where there is abundant life to produce the organic matter needed for petroleum formation. 

Sandstones that formed as river channel, point bar or deltaic deposits often have a lens shape, making small but common traps. The river or delta clays around them make good cap rocks. 

How can oil and natural gas be destroyed or lost from traps?

Oil and natural gas may be destroyed if the temperature rises above 200°C due to:

· Heat from an igneous intrusion or volcanic activity
· Regional metamorphism where temperatures are high
· Burial where the geothermal gradient results in temperatures higher than 200°C.

Oil and natural gas may be lost from a trap by:

· Erosion and removal of the overlying cap rock
· Escaping upwards along an unsealed fault plane.
Exploration for hydrocarbons

Geophysical exploration techniques

Seismic reflection surveys

Seismic surveys can be land-based or ship-based: 

· Artificial seismic waves are generated by explosions or vibrations on land and by air guns in water. On land, vibrations can be generated by dropping a heavy ‘thumper’ mounted on a truck.
· The seismic waves travel into the Earth and are reflected at layer boundaries within sedimentary sequences.
· The reflected waves travel back up to the surface where they are detected by an array of receivers called geophones on land or hydrophones at sea. Their location is accurately pinpointed using Global Positioning Systems (GPS). Offshore seismic surveys are particularly efficient as a large number of hydrophones can be towed behind a ship. Also, a ship’s path is not restricted like vibrotrucks on land. 
· The time taken for the reflected waves to arrive back at the receivers is called the travel time. This can be used to calculate the depth to the reflective layer. The data is used to plot a seismic profile. Seismic profiles show the subsurface layering and can be interpreted by geophysicists to identify potential traps. 

Gravity surveys

Gravity surveys can be on land or airborne. They are useful for the exploration for oil, natural gas and metals. 

· An instrument, called a gravimeter, measures small variations in the Earth’s gravitational field strength. The units of measurement are milligals (mGal). Gravimeters can be mounted in road vehicles, helicopters or planes, allowing rapid coverage of large areas. Survey points are located using GPS.
· The gravity data is corrected for the effects latitude, altitude and topography, leaving the variations resulting from the underlying rock types.
· Maps are plotted joining points of equal gravitational field strength and anomalies can then be identified. A gravity anomaly is a departure from the normal value, and may be positive or negative.
· A positive gravity anomaly results from an excess of mass. This may be due to the presence of an anticline or an uplifted block surrounded by faults, which could be potential trap structures.
· A negative gravity anomaly results from a deficit of mass. This may be due to the presence of a low density salt dome. In this case the exploration target would be around the edge of the salt dome at the zero milligal line.   




Exploration drilling

When potential oil and natural gas traps have been located, exploration drilling is then carried out. Holes are drilled with cylindrical drill bits studded with diamonds. The rotating drill bit is cooled and lubricated by drilling mud containing the mineral barite to make it dense enough to reach the bottom of the hole. Millimetre-sized rock chips or a continuous core can be recovered from the hole. Recovering continuous rock core is very expensive so this is only done at critical depths.  
   
Down-hole logging

It is possible to mount geophysical instruments on a sonde. The sonde is passed down the drill hole on a cable called a wireline. The sonde then records data as it is slowly pulled up from the bottom of the hole.

Measurements made during down-hole logging include:

· Porosity – the higher the porosity, the higher the possible oil and natural gas content of a reservoir rock. It is also possible to interpret what fluids are present in the pore space: oil, gas or brine.  
· Gamma ray spectroscopy – this counts the gamma rays emitted from rocks as a result of natural radioactive decay. Potential source rocks such as black oil shales and mudstones give a high gamma ray count. In comparison, sandstones and limestones produce a low count. 
· Resistivity – this measures the resistance of the rock to the flow of electricity. Water is the main conductor present in rocks and gives a low resistance. The presence of hydrocarbons results in a very high resistance.

Reserves and recovery of oil and gas

Important definitions

· A natural resource is any natural material that is useful and valuable.
· Reserves are the amount of the resource that can be extracted at a profit using existing technology. 
· Primary recovery is where oil initially gushes to the surface under natural pressure and is then pumped out
· Secondary recovery is where water is injected below or natural gas injected above the oil to maintain the pressure.
· A blowout occurs when oil gushes uncontrolled to the surface.



Reserves 

Oil and natural gas are extremely useful natural resources. Once exploration has established their presence, the amount present can be calculated. We call this the reserves. 

Primary recovery 

To extract oil and natural gas, the reservoir rock is drilled into and a production well is established. The well must be quickly capped off to prevent blowouts and oil spills. Directional drilling techniques are used so that a number of wells from one wellhead can tap the reservoir rock over a large area.

Initially oil comes to the surface under natural pressure. The oil gushes to the surface due to:

· Gases in the oil coming out of solution
· Expansion of gas above the oil
· The hydrostatic pressure of the water in the pore space beneath the oil

After the natural pressure dies away, oil is pumped to the surface using submersible pumps or beam pumps called ‘nodding donkeys’. Typically only 20-30% of the oil in the reservoir rock can be recovered by primary recovery. 

Secondary recovery

Secondary recovery techniques are used to extract more oil from the reservoir rock:

· Water flood drive – water is injected into the reservoir rock beneath the oil to maintain the pressure
· Gas cap drive – natural gas, carbon dioxide or nitrogen gas are injected into the reservoir rock above the oil to maintain the pressure. Some gases also dissolve in the oil, lowering its viscosity.
· Detergents and other chemicals are used to reduce the surface tension of the oil to loosen it from the grains
· Bacteriological methods – these are also being developed to digest and break down large hydrocarbon molecules to decrease their viscosity
· Thermal methods such as steam injection to increase temperature and lower the viscosity of the oil



Environment, safety and storage of oil and gas

Environmental and safety problems of petroleum extraction 

· Petroleum in any form is highly flammable and only the smallest spark is needed for devastating explosions and fires to occur. Blowouts are also extremely dangerous, as they often catch fire and burn ferociously. Often the only way to put out the fire is to drill a relief well to reduce the pressure at depth, so that the fire can then be extinguished with water. 
· Oil fires can cause atmospheric pollution. Smoke from crude oil contains a mixture of dangerous chemicals including particulate matter (soot), sulphur dioxide, carbon monoxide, benzenes and dioxins. 
· Extraction of oil and natural gas can also lead to subsidence at the surface, triggering environmental problems and small earthquakes. 
· One of the most popular methods to dispose of old oil rigs and platforms is to tow and sink them in deep water. 

Environmental and safety problems of petroleum transportation  

· Oil and natural gas transportation is often done by pipeline or seagoing tanker. Oil spills at sea not only damage marine habitats and marine life, but also threaten coastal areas. 
· The light fraction of oil floats and causes severe problems for seabirds. The heavy fraction of oil is very difficult to clean up as it sinks to the sea bed. Oil on the sea bed is highly toxic and persists for a long time.

Underground storage facilities for natural gas

UK gas consumption is rising and to meet this demand we are now importing natural gas from abroad. Underground gas storage facilities are being built to store the gas until it is needed at times of peak demand. 

The two main options for storing gas underground are:

1. Depleted oil and gas reservoirs – these are reservoirs from which all the recoverable oil and gas has been extracted. This leaves underground rocks capable of storing gas. The geology will already be well known and equipment left over from the reservoir was in production can be reused. 
2. Salt caverns. Evaporates are ideal rocks for the underground storage of gas because they are impermeable. Salt is a useful raw material for the chemicals industry and is extracted by underground mining or solution mining.






British oil and gas and the future

Most oil and natural gas in the British Isles occurs in offshore areas, particularly in the North Sea. Offshore gas fields also occur in the Irish Sea. Nearly all the oil and gas fields in and around the British Isles are in Mesozoic and Cenozoic age sedimentary basins.

North Sea oil and gas

The North Sea is a shallow continental sea that was subjected to crustal extension during the Mesozoic when the Atlantic Ocean started to open. Faulting broke the area into a series of linear horsts and grabens that controlled sedimentation. The North Sea is separated into two sedimentary basins by an east-west trending ridge or ‘high’. 

· The Northern North Sea basin has a variety of oil and natural gas fields. The main source rock for oil is the Jurassic age Kimmeridge Clay. Reservoir rocks are mainly marine sandstones and fractured chalk. Cap rocks are mainly clays with a great variety of traps.
· The Southern North Sea basin does not contain any oil and only contains natural gas. This is because the source rock for this area is the Carboniferous Coal Measures. This source rock did not at any time contain the marine plankton needed for oil formation. Gas escaped from the coal as it formed and is mainly held in desert sandstone reservoir rocks. The cap rocks are often evaporates and the traps are mainly salt domes and their associated anticlines. 

Sustainability of British oil and natural has production

Oil and natural gas are non-renewable energy resources. They are fossil fuels that formed millions of years ago. Once they are burnt they are lost as gases into the atmosphere and cannot be recycled on a human timescale. As a result, the use of fossil fuels is ultimately unsustainable.

Unconventional petroleum

Unconventional sources of petroleum include oil shales, tar sands and coal-bed methane.

Oil shale is a general term for any fine grained sedimentary rock containing significant amounts of kerogen that did not undergo enough maturation to produce petroleum. Oil shale can be processed by steam injection underground to produce oil that can be pumped out. Alternatively, oil shale can be mined and the kerogen converted into synthetic crude oil by chemical processing. Oil shale can also be burnt as a low-grade fuel in power stations. 

Large deposits of tar sands (sand mixed with clay, water and bitumen) are found in Canada and Venezuela. 

Frozen gas hydrates present in ocean floor sediments and permafrost could also be a future energy resource, as they produce large amounts of methane when melted.  



The origin of peat and coal

Climatic and environmental conditions for the formation of peat and coal

Peat and coal originate in deltaic sequences. The main requirements for formation are:

· Land plants
· An anoxic environment
· Rapid burial

Peat and coal form from the remains of terrestrial vegetation. Land plants are only found from the Silurian period onwards, and most coal formed during the Carboniferous period. A hot and humid climate encourages rapid growth of trees, so most peat and coal forms in equatorial regions. 

A swampy or boggy environment ensures conditions are anoxic (lacking in oxygen), which prevents decay of the plant matter. Anaerobic bacteria slowly change the plant matter into peat. To be preserved, the peat must be rapidly buried in fine sediment. 

Only deltaic sedimentary environments have sufficiently high rates of sedimentation and subsidence to build up the large thicknesses of peat required to form economic coal seams. Therefore, coal formation is associated with delta-top environments. 

Coalification 

Coalification is the diagenetic process by which peat is turned into coal by the effects of heat and pressure during burial. As peat undergoes thermal maturation and is compacted by the weight of the accumulating overburden, water and other volatiles are squeezed out. Oxygen is lost as carbon dioxide and water, hydrogen is lost as methane. Nitrogen, hydrogen sulphide and other gases are also lost. As water and volatiles are removed, the thickness of the coal deposit decreases and the carbon content increases. About 10 metres of peat are required to form a 1 metre thick coal seam.  

The coal series of increasing rank 

· Rank describes the percentage of carbon in the coal.
· The coal series is the sequence of increasing rank from peat to anthracite.

The rank of the coal increases with depth and temperature, producing the coal series:

Peat  Lignite  Bituminous coal  Anthracite

The rank is a measure of the maturity of the coal. As the rank of the coal increases, a number of physical and chemical changes occur. The most important change is the increase in carbon content. As the percentage of coal increases, the calorific value, or amount of heat energy released on burning increases.

Lignite 

Lignite is brown, dull and has visible plant fragments in it. It forms at temperatures between 40 and 70°C, and has a typical dry carbon percentage of 60%, with 50% volatiles. 

Bituminous coal

Bituminous coal is black, with dull and shiny layers. It forms at temperatures between 70 and 170°C, and has a typical dry carbon percentage of 85%, with 35% volatiles. 

Anthracite

Anthracite is black, shiny, glassy and iridescent. It forms at temperatures between 170 and 200°C, and has a typical dry carbon percentage of 90%, with 10% volatiles. 

Coal mining

Opencast coal mining

Opencast coal mining takes place from quarries or ‘open pits’ at the surface. All the rock above the coal seam has to be removed, and the depth of this overburden will be critical to the economics of the mining operation. The sides of the open pit are dug at an angle and stepped to increase stability and prevent collapse. The flat parts of the steps are called benches. The angle of the sides will depend on:

· Rock type – weak, incompetent rocks like clays will require shallower slope angles
· Weathering – heavily weathered rock will be weaker and need shallower sides
· Structures such as faults and joints weaken the rock and may need rock bolts, wire netting, shotcrete, rock drains or other ground improvement strategies. 

The overburden is removed and piled up as spoil heaps near the edge of the open pit. Blasting is used to break the coal up and large machines called dragline excavators are used to extract it. A large bucket at the end of the dragline is dragged along the surface to scoop up the coal. The excavator can remove up to 450 tonnes of coal in one pass. After mining, the land can be restored by backfilling the pit with the overburden. 

Underground coal mining

Longwall mining is a highly mechanised method of underground mining, and is the main method of underground mining used in Britain today. A main shaft is dug from the surface and tunnels or roadways are driven out from the shaft. A ventilation shaft is also essential. 

In longwall retreat mining, two horizontal roadways are driven out to the furthest point of the area of coal to be extracted. This allows the geological conditions to be assessed prior to mining. A coalface (the ‘longwall’) up to 400m long is established between the two roadways. A rotating machine called a coal shearer moves to and fro along the coalface, cutting slices of coal. The coal falls onto a conveyer belt and is transported to the shaft and up to the surface. 

The roof is held up by closely spaced, mobile hydraulic steel supports called chocks. Once a slice of coal is removed, the chocks are moved forward and the mined-out area is allowed to collapse. Mining takes place backwards, retreating towards the shaft. If the mined-out area does not collapse immediately, a cavern can form which is dangerous as it puts immense pressure on the chocks. This system of deliberate collapse can cause subsidence at the surface.   

Geological factors that can make underground coal mining difficult and uneconomic 

· Faults displacing the coal seam. Throws of as little as 1 or 2m can disrupts coal production as the shearer has to be moved up or down. A coal seam on one side of the fault may give way to hard deltaic sandstones on the other, which can damage the shearer. In addition, faults are zones of weakness and permeability, and may cause flooding or collapse of the roadway or shafts. 
· Folds and steep dips. Longwall mining takes place horizontally and is not possible if the coal seams dip at an angle greater than about 5°.
· Washouts resulting from river switching on the delta top. The peat is eroded away by the rivers, and sand and gravel are deposited in its place. Not only does this mean that the coal seam is lost, but there will be hard sandstones and conglomerates left in its place which can damage the shearer.  
· Seam splitting where one thick coal seam splits into several thinner, uneconomic coal seams. Seam splitting results from different rates of subsidence in different parts of the delta. 
· Sandstones are hard and permeable, so may allow flooding of the mine, especially if the water table is high. Rapid alternations of rock types with different hardnesses within the deltaic sequence also cause problems. 
· Build-up of methane gas. Methane is highly flammable and can cause dangerous underground explosions. 

Economic and safety considerations of coal mining

Opencast coal mining is very efficient and high rates of production can be achieved. Coal can be economically extracted at depths of 100m, or exceptionally 200m if the stripping ratio of overburden to coal is less than 20 to 1. Longwall mining is highly mechanised and can achieve production rates comparable to opencast mining. 

Opencast mining is cheaper than underground mining – the set up and working costs are lower and only a small workforce is required. Although the machinery is expensive, it is cheaper than the high-tech machinery needed for underground mining. Ventilation equipment is also not required and thinner seams can be mined at a profit. 

Opencast mining is also safer than underground mining. The main dangers of underground mining are cave-ins and tunnel collapses, explosions caused by methane gas and flooding.  





British coal, the environment and the future

Coal in the British Isles

Most of the coal in the British Isles is of Carboniferous age. Coal formed in the top sets of cyclothems, deposited by large deltas. 

Types of coalfield 

1. An exposed coalfield is where coal-bearing strata outcrop at the surface.
2. A concealed coalfield is where coal-bearing strata is below the surface, overlain by younger rocks. 

The South Wales Coalfield

The Carboniferous Coal Measures of South Wales were deposited as deltaic sediments filling in an east-west trending sedimentary basin. South Wales was folded into a synclinal structure and deep burial in the centre of the syncline resulted in the formation of anthracite. Strong deformation caused faulting and the complex geology has made the coalfield difficult to mine. 

The Yorkshire Coalfield 

The Yorkshire Coalfield is situated to the east of the Pennines. During the Carboniferous period, deltaic sediments accumulated in a large sedimentary basin called the Pennine Basin. At the end of the Carboniferous, the rocks were folded into a large anticline, producing the Pennines. The Coal Measures were eroded off the top of the anticline, leaving the Yorkshire and Lancashire coalfields on either side. 

Environmental consequences of coal mining 

· Opencast coal mining cause short-term problems of noise, dust and visual pollution during the mining operation. Nearby rivers can also be polluted. 
· Once the opencast operation is complete, the area must be restored. This involves backfilling the pit with overburden, covering it with top soil and seeding it with grass. The land is then returned to agricultural or other use. However, original ecosystems are disturbed and restored areas initially have a lower biodiversity. 
· Spoil heaps used to blot the landscape of British coal mining areas. As well as being unsightly, spoil heaps can be unstable and rainwater running off them will be contaminated. In a longwall mining operation, all that can be seen at the surface are the mine buildings with their winding gear.
· Longwall mining can also cause surface subsidence. As the mined-out area is allowed to collapse, a shallow subsidence bowl forms at the surface.
· Underground coal mining can also trigger small earthquakes.
· The generation of acid mine drainage water is another problem. The water is highly acidic and laden with toxic metals that can pollute both groundwater and surface water supplies. 


Sustainability of British coal production 
 
Coal is a non-renewable energy resource, so its use is ultimately unsustainable. But recent oil and gas price rises, coupled with advances in ‘clean coal technology’, have led to an increase in the price and demand for coal. 

Geothermal energy 

The Earth’s internal heat energy comes from two sources:

1. The release of stored gravitational energy from the formation of the Earth
2. Radioactive decay of heat producing elements such as uranium, thorium and potassium in the mantle and crust. 

The increase in temperature with depth is known as the geothermal gradient. The average geothermal gradient is 25°C/km, varying from 10°C/km in continental shield areas to more than 70°C/km in volcanically active areas. Areas with the highest geothermal gradients tend to be at or near plate margins and this is where prospects for geothermal energy are best. 

Calculating the geothermal gradient 

If the temperature in a borehole is 135°C at a depth of 4500m, what is the geothermal gradient? Give your answer in °C/km. Assume the surface temperature is 0°C.

Convert metres into kilometres: 4500 ÷ 1000 = 4.5km 
Divide the temperature in the borehole by the depth in kilometres: 135 ÷ 4.5 = 30°C/km  

Methods of geothermal energy extraction 

Volcanic sources

In volcanic areas, magma at temperatures over 700 to 1000°C heats the surrounding groundwater. The hot groundwater can be trapped in porous and permeable rocks overlain by impermeable rocks. The pressure at depth usually prevents the water from boiling, so it becomes superheated. 

To exploit the geothermal energy a borehole is drilled into the rock. As superheated water rises up the borehole, the reduction in pressure causes it to ‘flash’ to steam. The steam may be used directly to turn turbines to generate electricity, but usually heats water that is then used in the turbines. The water is then pumped back into the ground after use to eliminate waste disposal problems and help extend the life of the well. 

Geothermal aquifers

Hot water can be extracted from geothermal aquifers in deep sedimentary basins. Geothermal aquifers are interbedded with impermeable mudstones and shales, which have low thermal conductivities and act as insulators, preventing heat loss. 

Hot water is pumped to the surface, passed through a heat exchanger and used for space heating and hot water supply. The cooled waters are re-injected into the ground to maintain the water pressure in the geothermal aquifer. 

Hot dry rock sources

Granite intrusions contain a higher concentration of radioactive heat producing elements than other rocks. 

In order to exploit this resource, paired boreholes are drilled into the granite. The granite is artificially fractured by injecting high pressure water or using explosives. Cold water is then pumped down one borehole, heated by the hot rocks, and rises up the second borehole.

Advantages of geothermal energy

· If situated in the right location, geothermal energy can be very price competitive and reduces reliance on fossil fuels
· It does not produce carbon dioxide emissions
· [bookmark: _GoBack]It is sustainable as the water can be re-injected into the ground to extend the life of individual wells, and solve the problem of disposing saline groundwater
· Unlike other renewable energy resources, it can work continually day and night, and is not affected by changing weather conditions  

Disadvantages of geothermal energy 

· Production areas are geographically limited – it requires suitable geology
· There is the danger of volcanic eruptions or earthquakes in volcanically active areas
· Extraction of groundwater can cause surface subsidence and may trigger earthquakes
· Each geothermal well is only viable for 20 to 30 years
· Groundwater is often saline and may contain toxic elements. The water is corrosive and salts may precipitate out and block pipes in the geothermal energy plant 
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